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Abstract 



PURPOSETo enable distribution of internal defect to be uniform when manufacturing a device by cooling it 
to a room temperature at a specified rate rapidly after heating it to a required temperature by irradiation with 
light 

CONSTITUTION: Light of xenon lamp or halogen lamp is directed to a silicon substrate above 1200 deg.C 
and then it is cooled down to a room temperature at 2.2 deg.C/sec or more rapidly. With this preliminary 
treating, cores with a non- uniform internal defect introduced on growth of a silicon single crystal are nearly 
extinguished and internal defects occur uniformly on the silicon substrate during device production process 
by a new and highly concentrated atomic empty hole distributed uniformly. Then, concentration of oxygen 
between grids is reduced at a device active area near the surface, thus resulting in an area without any 
internal defect 
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Specifications 



1. Tide of the Invention: Manufacturing Method for Silicon Wafer for Semiconductor Device Use 

2. Scope of the Patent Claims 

(1) A method for production of a silicon wafer for semiconductor device use; wherein the method 
comprises the step, after irradiation of die semiconductor silicon wafer with light from a xenon or 
halogen lamp, of rapidly cooling to room temperature at a rate of 2.2°C/second or more. 

3. Detailed Explanation of the Invention 
Industrial Field of Use 

This invention relates to a method for manufacture of a silicon wafer used for semiconductor 
devices. 
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Earlier Technology 

Most silicon wafers used for semiconductor devices are grown by pulling (CZ method). 

Silicon single crystal grown by this CZ method normally contains 10 18 cm' 3 added oxygen 
component When such silicon single crystal is used without further treatment in device production 
processes, the supersaturated added oxygen component precipitates during processing. Moreover, 
secondary dislocations, stacking faults, etc. (hereinafter these precipitates, dislocations, stacking faults, 
etc. are simply referred to as internal defects) are generated due to warping caused by volumetric 
expansion of these oxygen precipitates. 

These internal defects greatly affect characteristics of semiconductor devices. When a defect 
exists in the device active layer, leakage current increases so as to cause oxidation layer breakdown 
voltage failure, etc. However, these become a source of gettering for contaminant impurities introduced 
during device manufacturing processes, thereby improving device characteristics. Therefore control of 
the generation of internal defects is important 

Silicon single crystal grown by the CZ method is processed into wafers and is conventionally used 
as silicon wafer for device production steps without further processing. 

Problems to be Solved by the Invention 

When silicon single crystal grown by the CZ method is processed into wafers and is used as a 
silicon wafer for device production steps without further processing as described above, internal defects 
are generated with a distribution corresponding to growth nuclei introduced according to thermal history 
undergone during silicon single crystal growth. As a result, internal defects are generated non-unifbrmly 
within the wafer, and device characteristics are made worse. 

The object of the present invention is to provide a method to solve the above mentioned problem 
points. 

Means to Solve the Problems 

This invention is a method for production of a silicon wafer for semiconductor device use; wherein 
the method comprises the step, after irradiation of die semiconductor silicon wafer with light from a 
xenon or halogen lamp, of rapidly cooling to room temperature at a rate of 22°C/second or more. 

This invention, by carrying out the above mentioned heat treatment prior to use of the silicon 
wafer for device manufacturing processes, imparts uniform formation of internal defects within die silicon 
wafer both within the silicon wafer and across the silicon wafer surface. 

Due to die above mentioned heat treatment, interstitial oxygen of die silicon wafer diffuses 
outward, and interstitial oxygen concentration decreases in die vicinity of die surface. Moreover, growth 
or disappearance of internal defect growth nuclei introduced during silicon single crystal growth is 
determined according to a temperature-dependent critical size. Therefore internal defect growth nuclei 
of this silicon wafer mostly shrink and disappear. In addition, the concentration of silicon intersutials 
decreases due to diffusion, and atomic vacancy concentration of this silicon wafer increases. 

If the heating temperature during the above mentioned heat treatment is less than 1200°C, a 
longer time period is required for outward diffusion of interstitial oxygen and disappearance of internal 
defect growth nuclei. 

Although rapid cooling after heating is carried out down to room temperature by a means such as 
contacting with exterior air, die introduction of new internal defect growth nuclei is controlled during 
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cooling by this rapid cooling treatment Furthermore, a uniform distribution of atomic vacancies at a high 
concentration are fiozen into the interior of this silicon wafer. 

Moreover, use of a xenon lamp or a halogen lamp for heating makes possible heating to a high 
temperature in comparison to use of a diffusion furnace. A xenon lamp or halogen lamp is also used due 
to high heating rate which is capable of shrinking the heating time period Heating by this type of lamp is 
preferably carried out in an inert gas atmosphere comprising high purity nitrogen gas, etc. Use of such an 
atmosphere is preferred for increasing outward diffusion of interstitial oxygen and lessening of 
atmospherioderived contamination during heating. 

Furthermore, generation density of internal defects can be controlled by silicon wafer heating 
temperature and cooling rate, etc. treatment conditions. 

Operation of the Invention 

For the silicon wafer having undergone heat treatment according to this invention, non-uniformly 
distributed internal defect growth nuclei introduced during silicon single crystal growth mostly disappear, 
and atomic vacancies are newly distributed uniformly at high concentration. Therefore internal defects 
are generated with a uniform distribution in die silicon wafer during device manufacturing processes. 
Also the device active region in the vicinity of the surface has a reduced interstitial oxygen concentration 
so that there is no internal defect generation whatsoever, thereby forming a so-called defect-free zone 
(DZ). 

Results of the Invention 

The present invention, due to performance of high temperature heating and rapid cooling of a 
silicon wafer grown by the CZ method before use of the silicon wafer in device manufacturing 
processes, can cause internal defect formation that is uniform within the silicon wafer and across the 
silicon wafer surface and can cause improvement of device characteristics. 

Working Examples 
Working Example 1 

As shown in FIG. 1, a silicon wafer 3 was carried upon a support 2 provided within a quartz 
vessel 1 containing a N2 gas atmosphere. A halogen lamp 5 equipped with a Kght-concentratiiig minor 4 
was provided above the vessel as a lamp heating apparatus. This invention was carried out under the 
following conditions. 

Silicon wafer 

A B-doped silicon single crystal ingot adjusted to have a specific resistivity of 10 £3 -cm was 
processed into wafers by die conventional method. 

Heating method 

5 minutes of heating at 1300°C. 

Cooling method 

Atmospheric cooling. 
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A comparison wafer was used consisting of the untreated silicon wafer. The above mentioned 
working example and die comparison wafer were sampled After thermal oxidation of the samples at 
1000°C, and then 5 minutes of treatment with a selective etching solution (Wright solution), internal 
defects were examined. These results are shown in FIG. 2. FIG. A of this figure is the silicon wafer 
produced according to this invention. This had no internal defects in the vicinity of the surface. The only 
internal defects were generated uniformly within the wafer. Mean concentration of these internal defects 
was 1 0 5 cm* 2 . However, FIG. B is the silicon wafer having undergone conventional heat treatment 
Internal defects were generated at high density at the outer perimeter of the wafer. These internal 
defects were non-uniformly distributed throughout the entire volume at a mean density of 10 4 cm" 2 . 

Working Example 2 

A silicon wafer was used that was the same as that of working example 1, and MOS memory 
elements were produced. Then leakage testing was carried out using samples taken from within this 
silicon wafer. These results are shown in FIG. 3. The plotted solid line indicates the working example of 
this invention. The plotted dashed line indicates the conventional example. The wafer produced by this 
invention (solid line) had a leakage failure rate that was uniform across the surface. In contrast, the 
conventional wafer (dashed line) was found to have a high leakage failure rate in the perimeter region 
and a non-uniform surface distribution. Moreover, leakage failure rate was found to be lower overall for 
the wafer of fee present invention in comparison to the conventional wafer. 

4. Simple Explanation of the Figures 

FIG. 1 is an explanatory drawing showing an example of a silicon wafer heating apparatus for 
carrying out this invention. FIG. 2 shows internal defects of a silicon wafer, wherein FIG. A was 
produced as a working example of the present invention, and FIG. B is a conventional non-treated 
wafer. FIG. 3 is a graph showing leakage test results for a working example. 
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PARTIAL TRANSLATION OF JP-A-2-032535 (Dl) 

Claim: 

A method for producing a silicon wafer for a 
5 semiconductor device comprising the steps of: 

heating a silicon wafer for a semiconductor device 
with a xenon lamp or halogen lamp to a temperature of 
1200°C or higher and 

then quenching said wafer to a room temperature at a 
10 cooling rate of at least 2.2°C/sec. 

Page 2< Uppsr right column, lines id-is 

The heating with the lamp is preferably carried out in 
an atmosphere of an inert gas such as high purity nitrogen. 

15 

Page 2. Lowpr l*ft. rolnmn, lings 3-11 

In the silicon wafer which is heat-treated according 
to the present invention, the heterogeneous nuclei 
generating internal defects, which are introduced during 

20 the growth of the silicon single crystal, substantially 

disappear, and uniform internal defects are formed in the 
silicon wafer with the atomic vacancies, which are 
uniformly distributed at a high concentration, in the 
course of the production of a device. In the device active 

25 region near the surface, no internal defects are formed 
since the concentration of the interstitial oxygen 
decreases, and thus a so-called defect. zero (DZ) layer is 
formed. 

30 Example 1 

As shown in Fig. 1, a silicon wafer (3) Was placed on 
a support (2) which was provided in a quartz vessel (1) 
containing N2 gas as an atmospheric gas . Using a heating 
device having a halogen lamp (5) equipped with a converging 
35 mirror (4), the wafer was heated according to the present 
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invention under the following conditions: 
Silicon wafer: 

A silicon wafer fabricated from a rod of a silicon 

single crystal the resistivity of which is adjusted to 
5 lOQcm with B-doping. 

Heating conditions: 

5 minutes at 1300°C 
Cooling conditions: 

Cooling in an air 

10 

The sample of the above-treated wafer and also a 
comparative sample, which was collected from the silicon 
wafer as such and heated at 1000°C for 16 hours, were 
treated with a selective etching liquid (Wright reagent) 

15 for 5 minutes to inspect the internal defects. The results 
are shown in Fig. 2. Fig. 2(A) is for the wafer of the 
present invention. There was no defects near the surfaces, 
and the defects were uniformly generated in the inside Of 
the wafer. The average concentration of the defects was 

20 lOVcm 2 . Fig. 2(B) is for the wafer which was not treated 
according to the present invention. The internal defects 
were heterogeneously generated near the periphery of the 
. wafer at a high concentration. The average concentration 
of the defects was 10 4 /cm 2 . 
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